Abstract: The soft masses due to SUSY breaking, mediated by gauge fields, are computed for generic matter in quiver gauge theories.
Introduction
The mediation of supersymmetry (SUSY) breaking in quiver gauge theories has various interesting properties. First, attaching the SUSY-breaking sector and the matter superfields to different nodes of the quiver gives rise to a suppression of the sfermion masses, thus allowing a sufficiently light stop to explain the hierarchy problem, and produces exotic sparticle spectra with interesting collider signatures [1, 2] . This is especially important in the dynamical embedding of SUSY breaking and its mediation to the Minimal Supersymmetric extension of the Standard Model (MSSM) [3] , where the gaugino masses vanish to leading order in SUSY breaking [4] . Moreover, separating the matter fields on different nodes gives rise to Yukawa-coupling textures which may deal with the flavor puzzle of the SM [5] . Quiver gauge theories also appear in four-dimensional low-energy realizations of models with large extra dimensions [6] -viz. in gaugino mediated SUSY-breaking models [7, 8, 9 , 10] -thus providing further motivation to investigate the mediation of SUSY breaking in quivers.
Recent studies of SUSY breaking and its mediation in the minimal case -a quiver with two nodes -already led to rather surprising results. First, one finds that both the right-handed and the left-handed sleptons can be lighter than the bino in the low-scale mediation regime [1, 2] , even when the messenger scale is comparable to the masses of the additional gauge particles [11, 12] . Moreover, in this hybrid low-scale mediation case, the sfermion masses are comparable to those of the gauginos even when the latter vanish to leading order in SUSY breaking [13] . Finally, already this minimal setting provides intriguing ways to tackle the flavor puzzle as well as the µ/Bµ problem [5] .
In this work, we compute the soft SUSY-breaking masses in a large class of models. Explicitly, in section 2, we set up our supersymmetric quivers, with matter and messengers in generic representations of the quiver's product gauge groups, and present the general form of the soft masses. When all the MSSM matter fields are charged under the same node of the quiver, the theory is flavor blind. However, here we find the soft masses also for the generic case -when the matter fields are distributed on different nodes -in which case the flavor texture is rich.
The details of each model are encoded in a unique form factor, as we prove in section 3, where we also compute its value. In section 4, we analyze in more detail several examples of particular interest. Our emphasis is on models that may have perturbative unification, and we thus focus on quivers with at most five nodes. We inspect in more detail various examples of quivers with three nodes, which may incorporate the main freedom in flavor textures.
In the hybrid case -when the various scales in the problem are comparable -we find the following main property. The suppression of the scalar masses is significant when the matter superfields and messengers are not charged under the same node of the quiver, for any value of the messenger scale. This opens up phenomenologically appealing avenues, which we discuss in section 5. Finally, in the appendix we present some technical details.
Setting
In this note we consider mediation of SUSY breaking in a generic class of quiver gauge theories with N nodes connected by K ≥ N − 1 bifundamental link fields and coupled to messenger fields in arbitrary representations, which are charged under at least one of the nodes; see fig. 1 . Each node represents a gauge group G i , i = 1, . . . , N , which we take, for simplicity, to be all the same group. 1 Each line linking two gauge groups represents a pair of bifundamental and anti-bifundamental chiral superfields (L ij ,L ij ), whose vacuum expectation values (VEVs) 1 For phenomenological purposes one would be interested in the case where at low energies one of the groups is the SM one, say G1 = SU (3) × SU (2) × U (1). If one also imposes unification then the rest of the nodes need to be GGUT-invariant, e.g. Gi = SU (5) for i > 1. Perturbative unification further imposes an upper bound on the number of nodes. Our setting and formalism is generalized straightforwardly to such a case by summing over each of the SM subgroup factors in each node with their corresponding gauge couplings. Figure 1 . A random quiver representing a theory for which we compute the soft masses.
break the gauge symmetry to a linear combination of the various G i 's. The superpotential of the link fields sector is given by
where H ij are singlet superfields and v ij are the VEVs of the link fields ( L ij = L ij = v ij 1). Ideally, the VEVs are dynamically generated by some theory at higher energies, however, for simplicity, we shall impose them by hand (this does not change our analyzes in the following). The superpotential W A includes terms that give mass to the combinations of link fields which are not eaten by the gauge fields and which are not in the same N = 1 multiplet as the massive vector boson. This can be achieved for instance with an adjoint field A i of one of the groups G i under which the set of link fields is charged [10] ,
The details of this mechanism are not important for the calculation of the soft masses. We denote by A i µ the gauge field of the group G i , and by g i the corresponding gauge coupling. The unbroken combinationG of the G i 's, which in phenomenological applications is identified with the Standard Model (SM) gauge group, is the following, 3) where P N −1 ({x i }) ≡ N i N j =i x j is the (N − 1)-th symmetric polynomial. Note that the linear combination (2.3) is independent of the VEVs. The gauge coupling of this unbroken combination is
(2.4)
The scale of the VEVs is taken to be sufficiently larger than the electroweak scale, such that all the matter which gets a mass from the Higgsing of the link fields can be considered decoupled.
We denote the matter fields by Q A
, which are chiral superfields transforming under
where A labels the matter fields and P A ≤ N is the number of groups under which the field Q A is charged. Each MSSM matter field is charged under one of the G i 's; however, our formalism applies also to soft masses in more general settings with various exotic matter fields as well as to soft masses of the link fields. We assume that SUSY is broken in some hidden sector and that the SUSY breaking is communicated to the visible sector by the gauge interactions of a subset of the groups G i . In order to perform the following analysis in its full generality, it is convenient to use the global current multiplet formalism of [14, 15] . Let us consider a current j t,m µ charged under G t , which is embedded in a real superfield J t,m containing also a scalar J t,m component and a spinor j t,m α , where m = 1, . . . , dim(G t ) is the adjoint index of G t . The functions C t r (x), B t 1/2 (x) parametrize the current correlators as follows
where α, β,β = 1, 2 are spinor indices and the index t is referring to the group G t . Now we can couple the SUSY-breaking current to R of the gauge groups G t 1 ×G t 2 ×· · ·×G t R . We denote bỹ C t r (p),B t 1/2 (p) the Fourier transforms of C t r (x), B t 1/2 (x). The functionsC t 1 (p),C t 1/2 (p),C t 0 (p) parametrize the contribution to the sfermion masses mediated by gauge bosons ( fig. 2a,b) , gauginos ( fig. 2c) and scalars (fig. 2d) , respectively, viz. they represent the various blobs of the figure. Contributions to (the light) gaugino masses are instead parametrized byB t 1/2 (p). If the theory contains a weakly coupled messenger sector, the components of the supercurrent J tu,m , u = 1, . . . , R, are constructed in terms of the SUSY-breaking messengers fields T B ,T † B , B = 1, . . . , n mess , which transform under the representations (s t 1 , s t 2 , . . . , s t R ) of the gauge group G t 1 × G t 2 × · · · × G t R , and R ≥ 1 is the number of groups under which the messengers are charged. In this case, the components of J t,m can be written explicitly
where t m t are the generators of G t . In the explicit examples in section 4, for simplicity, we will focus on a minimal sector with just a single messenger coupled to an F-term spurion of SUSY breaking, S, via the superpotential W T = λ S STT . Explicit expressions for the functionsC t r (p),B t 1/2 (p) in the case of a general weakly coupled messenger sector, coupled both to an F-term and a D-term spurion, can be found in [16] and in Appendix B.5 of [17] .
The gauginos of the unbroken gauge groupG acquire a SUSY-breaking soft mass at one loop, which can be computed as in gauge mediation [14] ,
If additional matter fields in the adjoint representation are present, the gauginos can also acquire Dirac masses (see e.g. [18, 19] for a recent discussion). The purpose of this note is to find the value for the scalar soft masses of the matter field
; the result is transforms with respect to the group G i j and the sum is over all the groups under which the field is charged. The form factor f tu i j (p 2 ) depends on the quiver structure and the various parameters such as the gauge couplings and the VEVs of the link fields, etc. G i j is one of the groups under which the matter is charged and G tu is one of the groups under which the messengers are charged. For N = 1, i.e. the single node case, General Gauge Mediation (GGM) is recovered [14] 2 and f GGM = f 1 1 = 1. In the next section, we derive eq. (2.8) and find the explicit expression for the form factors f tu i j (p 2 ). Finally, the soft masses for the link fields, which are bifundamental fields, are obtained from the same formula, (2.8), by summing over just two groups (corresponding to P A = 2 and i 1 = i, i 2 = j for a link field L ij ).
The form factors

Masses of the quiver degrees of freedom
As a prelude, we discuss the masses in the quiver theory. We parametrize the K link fields using an index I = 1, . . . , K; the link fields are denoted by L I (L I ), where each I corresponds to a particular set of values (i, j), i.e., the fields transform as ( , ) (( , )) under the group G i × G j . For simplicity, we assume that all the link field VEVs v I are real (in many cases this can be achieved by a gauge transformation; cases where this cannot be achieved for all the VEVs would lead to potentially dangerous CP violations). We define the following N × K matrix
in terms of which the mass-squared matrix of the vector gauge bosons is given by
which is an N × N mass-squared matrix with N − 1 non-vanishing eigenvalues and one zero eigenvalue (the SM gauge bosons). Diagonalization of the matrix is done by a unitary transformation,
where D 2 V is a diagonal matrix with eigenvalues
, and m N = 0. Only particular combinations of the link fields will participate actively in the mediation of SUSY breaking; these degrees of freedom are in the same N = 1 multiplets as the massive gauge bosons and are given by
where L I = v I + δL I , and analogously forL I . The mass-squared matrix of these fields is
Suppose now that v is an eigenvector of the matrix ZZ T with eigenvalue λ, ZZ T v = λv, then Z T v is an eigenvector of Z T Z with the same eigenvalue λ. Hence, for all eigenvectors of the mass-squared matrix for the vector multiplet M 2 V with non-vanishing eigenvalue λ = 0, there exist the same mass-squared for the scalars (as SUSY dictates). Due to the fact that there are at most N − 1 non-vanishing eigenvalues of both mass-squared matrices, we can diagonalize the K × K mass-squared matrix M 2 S as follows
where W is an N × K matrix. The gauginos λ i are mixed with some linear combinations of the link fields by the following Dirac mass term,
where
). These mass terms can be diagonalized as follows,
which is formally given by (
Computation of the form factors
It is sufficient to compute the mass of a sfermion Q i charged under a single group G i , in presence of a SUSY-breaking sector charged just under the group G t . The more general expression in eq. (2.8) follows by linearity. There are three classes of diagrams to calculate, i.e. the diagrams involving gauge bosons, gauginos and scalars; see figure 2 . Now we will show that all three classes of diagrams give rise to the same form factor f t i (p 2 ). First, let us consider the diagrams involving gauge bosons; see fig. 2a ,b. The coupling of the vector bosons to the SUSY-breaking sector is
where j t,m µ is the vectorial component of the current multiplet presented near eq. (2.5). The matter field Q i , on the other hand, couples just to the gauge boson A i µ . Both the gauge bosons (A t µ , A i µ ) are not mass eigenstates, in general; the propagators of these fields should be decomposed into a linear combination of the N mass eigenstates. Then the factor g 2 eff /p 2 in the gauge mediation integrand should be replaced by 
where both gauge boson a and b in the figure contribute with the same factor and hence the result is a perfect square. Now we turn to the diagram with the gauginos; see fig. 2c . The coupling of the gauginos to the sfermions reads
where t m i are generators of the group G i . The coupling of gauginos to the SUSY-breaking sector, on the other hand, is given by
where the spinor indices have been contracted and j
is the spinorial component of the current multiplet presented near eq. (2.5). Again we should decompose the propagators into mass eigenstates; the gauge mediation factor, ig 2 eff p · σ αβ /p 2 in the integrand, is then replaced by
which again gives rise to the same form factor (3.11). Finally, we need to consider scalar-mediated diagrams; see fig. 2d . The D-terms give rise to the trilinear couplings between the link field scalars l I and the sfermions
while the SUSY-breaking sector similarly has the trilinear couplings,
where J t,m is the scalar component of the current multiplet presented near eq. (2.5). The D-terms provide also a direct coupling between the sfermions and the SUSY-breaking sector,
The contribution due to the exchange of a scalar l I (which is due to the vertices in eqs. (3.15), (3.16)) should then again be decomposed in terms of mass eigenstate propagators,
where we have used that
is the diagonal N × N mass matrix. In the case that i = t we still have the contribution from the vertex in eq. (3.17), hence, writing down the total form factor we obtain 19) which is exactly that of eq. (3.11). This establishes the proof of eq. (2.8) and provides the explicit value of the form factor f t i (p 2 ).
Examples
In this section we shall focus on a minimal messenger sector, with just a single messenger pair coupled to an F-term spurion S via the superpotential
In this case the current correlators are given by eqs. (A.2)-(A.4) in the appendix. Once f tu i j (p 2 ) are given, the integrals can be directly evaluated given the SUSY-breaking contributions parametrized by the current correlatorsC t r (p). It will be convenient to write the scalar masses for Q A in the following form
, M is the messenger scale and F/M is the effective SUSY-breaking scale. c 2 r A i j is the quadratic Casimir of the representation under which the field Q A i 1 i 2 ···i P A transforms with respect to the group G i j and the sum is over all the groups under which this field is charged. n s tu is the Dynkin index of the representation under which the messenger fields T B ,T † B transform with respect to the group G tu (e.g. n = 1 for a single set of r +r of SU (r)), and the sum is over the groups under which the messenger fields T B ,T † B are charged. Finally, we have defined a general function E tu i j (x, {y ℓ }) for matter charged under the gauge group G i j and a messenger charged under the gauge group G tu . This function provides the measure of suppression of the sfermion masses relative to the Minimal Gauge Mediation (MGM) case, and we shall consequently refer to it as "the sfermion mass suppression function." The variables in the suppression function are defined as
where m ℓ is the ℓth mass eigenvalue of the gauge bosons in the diagonal basis of eq. (3.3).
In the following subsections we consider various examples. As our first example, we will review the two nodes quiver [20, 11, 21] . For three nodes quivers, we will consider all possible models, which may be useful in applications to the SM flavor texture. Finally, for four and five nodes, we will present some properties of the linear quiver, which appears e.g. in deconstructing extra dimensional models of gaugino mediation [9, 10] .
Two nodes quiver
Here we consider the two nodes quiver, which is shown in fig. 7 for N = 2. For this quiver the mass-squared matrix reads
which includes the contribution from both L 12 ,L 12 . 3 The eigenvalues of the matrix are 0 and
, corresponding to the mass-squared of the MSSM gauge bosons and the massive ones, respectively. Let us first review the results of [11] , where the soft masses were calculated for chiral superfields charged under the first node, G 1 . To use the general formula (2.8), we first need the diagonalization matrix U of eq. (3.3), which in this case is given by
Plugging this matrix into eq. (3.11) and using the eigenvalues of the mass-squared matrix reproduces the form factor [20, 11, 21 ]
Evaluating the integral of eq. (2.8) using the current correlators (A.2)-(A.4) in appendix A, gives the following result
where y ≡ y 1 , the suppression function is defined in eq. (4.2) and the functions α, β are defined in eqs. (A.17)-(A.23). It is clear from eq. (4.6) that the sfermion mass becomes that of MGM (A.25) for y → ∞ and goes to zero in the limit of y → 0 as E 2 1 (x, y) ≈ y 2 /6 + O(y 3 ) for small x (see appendix A.2 for details about the limits of the functions α, β).
For matter charged under the second node, G 2 , a similar calculation using eq. (3.11) gives
Again, evaluating the integral of eq. (2.8) yields
3 We normalize the trace of the generators of the group Gi in the standard way Tr(t For this suppression function there are two limits which can be understood quite easily, viz. the limit y → ∞ yields the MGM result (A.25), as the Higgsing produces the diagonal gauge group with the gauge coupling g eff , while the opposite limit y → 0 gives again the MGM result (A.25), but with gauge coupling g 2 , instead. Hence, in the limit y → 0,
(4.10)
Note that in this limit the suppression function E 2 2 is larger than in the y → ∞ limit, since λ 2 2 = (1 + g 2 2 /g 2 1 ) 2 is greater than one for non-zero g 2 . In fig. 3 , we display the functions E 2 1 (x, y) and E 2 2 (x, y, λ 2 ) for various values of y, for equal gauge couplings (and hence λ 2 = 2) and we also present E 2 1 (0, y), E 2 2 (0, y, 2), i.e. the small x regime interpolation between the above mentioned MGM limits.
Finally, the suppression of the sfermion masses with respect to MGM is (E 2 1 ) −1 : (E 2 2 ) −1 = 9.6 : 0.31, for y = 1, equal gauge couplings and small x. We see that when the matter and messenger are charged under different nodes of the quiver, the suppression is relatively large, even though we consider a "hybrid gaugino-gauge mediation" case, where the messenger scale is equal to the mass of the heavy gauge particles, M = m 1 .
Three nodes quivers
In this subsection we shall calculate the sfermion soft masses and the link field soft masses for all three nodes quiver theories with a single pair of messengers charged under one or two of the nodes.
The basic three nodes quiver -model q
The fundamental quiver diagram is a triangle with a single pair of messengers charged under one of the nodes, which we will take to be G 3 (see fig. 4a ); the other cases can be easily obtained from this one. The mass-squared matrix for the gauge bosons is 11) and it has the eigenvalues 0 and
After plugging the elements of the matrix U , which diagonalize the above mass-squared matrix as in eq. (3.3), into eq. (3.11), one finds the following form factors for the matter Q 1 , Q 2 and Q 3 , respectively,
The integrals (2.8) have a similar form for matter charged under any of the nodes of the various quiver models, so it is convenient to define the following function 
which corresponds to the generic form factor
Now it is possible to see that the integrals (2.8) yield the following suppression functions
3 (x, y 1 , y 2 , ζ 23 , ζ 13 , η 12 , λ 3 ) = K(x, y 1 , y 2 , ζ 23 + ζ 13 + 2η 12 λ 3 , λ 3 ) , for the first, the second and the third node, respectively, of model q.
As explained in more detail in appendix A.2, the functions α, β simplify in the limit x → 0, which is a good approximation for x 0.7, where in turn the function K simplifies as Finally, the suppression of the sfermion masses with respect to MGM is (
3 ) −1 = 9.6 : 9.6 : 0.15, for y 1 = 1, equal gauge couplings, equal VEVs and small x.
Model p
Although this model is equivalent to the previous one -the two are related by moving the messengers T,T from the node G 3 to G 2 , as depicted in fig. 4c -we introduce it to simplify the discussion of other, non-equivalent models. By symmetry, the result for the suppression functions is
The linear quiver N = 3
Using model q, one obtains the suppression functions for the linear quiver with N = 3 nodes, as shown in fig. 4b , by taking the limit v 13 → 0. The masses m ℓ of eq. (4.12) become their respective limit for vanishing v 13 . Hence, the result for the suppression functions corresponding to matter charged under any of the three nodes of the linear quiver reads In fig. 5 , we display the functions E 3 1,2,3 for various values of y 1 , for equal VEVs and equal gauge couplings (and hence y 2 = √ 3y 1 , ζ 23 = y 2 2 , η 12 = y 2 2 /3 and λ 3 = 3) and we also present E 3 1,2,3 in the small x regime as functions of y 1 . In the limit of y 1,2 → ∞ (i.e. taking v 12 , v 23 → ∞), the function K of eq. (4.14) reveals that, for each node, the suppression function reduces to the MGM one (A.25). In the opposite limit, y 1,2 → 0 (i.e. taking v 12 , v 23 → 0), the suppression function goes to zero for matter charged under the first and second nodes, while it gives the MGM result with a factor of λ 2 3 for matter charged under the third node G 3 ,
Finally, the suppression of the sfermion masses with respect to MGM is (E 3 1 ) −1 : (E 3 2 ) −1 :
(E 3 3 ) −1 = 14.3 : 4.6 : 0.16, for y 1 = 1, equal gauge couplings, equal VEVs and small x. In this case, the suppression is somewhat larger relative to the previous examples, for matter charged under G 1 .
Model T
Similarly, using model p, it is easy obtain the suppression functions for model T shown in fig. 4d , by taking the limit v 13 → 0. The masses m ℓ become their respective limit of vanishing v 13 . Hence, the result for the suppression functions reads
The ratio of suppression with respect to MGM is (E 2 1 ) −1 : (E 2 2 ) −1 : (E 2 3 ) −1 = 4.6 : 0.18 : 4.6, for y 1 = 1, equal gauge couplings, equal VEVs and small x.
Bifundamental messenger models
Here we consider models in which the messenger fields are charged under two of the gauge groups, G 2 and G 3 . To compute the sfermion masses in the p+q model ( fig. 6a ), using eq. (4.2), all we need is to superpose the suppression functions of models q and p, weighted by the Dynkin indices n(s 2 ), n(s 3 ) of the messenger pair on G 2,3 , respectively; one thus obtains the factors
For instance, when both groups are SU (r), the suppression factors of model p+q are r(E 2 i +E 3 i ). For model F ( fig. 6b) , the suppression factors can be obtained either as the limit v 13 → 0 of model p+q or, equivalently, as the sum of the linear quiver N = 3 and model T factors, as given in eq. (4.22). Finally, model Λ can be obtained e.g. from model p+q by taking the limit v 23 → 0.
More nodes
Linear quivers, presented in fig. 7 , have a particularly simple structure, which we consider in this subsection. For equal gauge couplings g and equal VEVs v, the form factors were computed for arbitrary N in [20] . The vector boson mass-squared matrix takes the form The eigenvalues and the diagonalizing matrix U , respectively, are [22, 23, 9] :
where 1 ≤ k ≤ N (in this formula a slightly different convention is used: m 1 = 0, m k = 0 for k > 1). Using eq. (4.24) in eq. (3.11) we recover the result of [20] . In the limit of large N , the extra dimension setting is recovered (see e.g. [24, 7, 8, 25] ). In the case of general VEVs and couplings such a compact analytic expression does not materialize and one has to diagonalize a generic tridiagonal N × N matrix in order to find the form factors. Figure 7 . A quiver diagram representing a class of quiver theories with the chiral matter superfields
. . , N − 1, connecting the N gauge groups and, finally, the messenger fields T,T are charged only under the last group G N . We call this class of models linear quivers.
We will consider in detail some properties in two examples -the linear quivers of fig. 7 with N = 4, 5. In the N = 4 case, the mass-squared matrix for the gauge bosons is given by 25) and the eigenvalues are in general quite complicated. The generic form factor for matter charged under the first node G 1 is 26) giving rise to the suppression function
Let us stress that this suppression function is valid for any g i , v ij . For the remaining nodes, for simplicity, we present just the case of equal couplings and equal VEVs. The form factors can be computed straightforwardly from eqs. For the linear quiver of fig. 7 with N = 5, the mass-squared matrix for the gauge bosons is given by 28) and again the eigenvalues are in general quite complicated. The generic form factor for matter charged under the first node G 1 is
The form factors for the other nodes can be computed as in the previous example. For equal g i and v ij , the resulting coefficients of the suppression functions are given in tables 2, 3. The suppression of the sfermion masses with respect to MGM is ( vanishes, for N = 2, 3, 4, 5. The N = 2 line is the lowest one while for each increasing N the line moves slightly upwards in the plot. We have taken all couplings equal g i = g and all VEVs equal v ij = v in this plot. The tachyonic regime in each case is below its corresponding contour.
Finally, let us discuss a feature of the sfermion masses, found in [11] , viz. they become tachyonic in the large x 1 regime. We consider here the tachyonic regime in the case of the linear quiver ( fig. 7) for a sfermion charged under G 1 , whose suppression function is E N 1 , as the number of nodes N increases. The result for N = 2, 3, 4, 5 is presented in fig. 8 ; one can see that the tachyonic regime increases with N , but only to a certain extent.
Discussion
In this work, we computed the two-loop contributions to the scalar soft masses in supersymmetric quiver gauge theories with a general matter content. Our results are valid in the hybrid regime -when the messenger scale M is comparable to the masses m ℓ of the additional gauge particles. On the other hand, three-loop contributions become important when m ℓ /M is small (see e.g. eq. (5.9) in [13] for a recent evaluation of the relative 3-loops/2-loops contribution in some cases). The suppression of sfermion masses is significant -even in the hybrid regime -when the matter and messengers of SUSY breaking are not charged under the same group.
In phenomenological applications, the unbroken gauge group of the quiver gauge theory must be the SM one at low energy. This can be achieved, e.g., by taking G i = SU (5) in each node with, say, only G 1 being broken to SU (3) × SU (2) × U (1). In this example, unification is manifest (if the Higgses are charged only under G 1 ). Moreover, such a grand unified theory may be perturbative if the number of nodes is sufficiently small (up to about five nodes).
To find the physical pole masses, one should consider, of course, the RGE from the messenger scale down to the weak scale. This can be done straightforwardly, as was done recently for some two nodes examples in [12, 13] . We have done it in additional examples and found, in particular, that the rather large suppression of the scalar masses gives rise to exotic sparticle spectra, even in the hybrid case. In particular, similar to the results in [12, 13] , the stop mass can be sufficiently small -to provide an explanation to the hierarchy problemeven in models where the gaugino masses vanish to leading order in SUSY breaking (which is a typical property of quiver models that have a dynamical embedding in some higher energy theory [3] ), and both the right-handed as well as the left-handed sleptons can be lighter than the bino in the low-scale mediation regime (when the messenger scale M is comparable to the effective SUSY-breaking scale F/M ).
It is interesting to mention that, in the limit of small m ℓ /M , the Higgs mass gets a contribution which is absent in the MSSM [26, 27] ; this comes from the D-terms of the heavy gauge bosons, which do not decouple completely in presence of SUSY breaking. In some parts of the parameter space this can raise the Higgs mass above 114 GeV in a way which is compatible with naturalness constraints; see e.g. the recent works [5, 13] . For the mechanism to be effective, m ℓ should be of the order of a few TeV. Furthermore, the part of parameter space in which this effect is not negligible is not compatible with the usual gauge coupling unification; it could be compatible with accelerated unification [28] , instead.
Quiver gauge theories that have dynamical embedding in (deformed) SQCD are of particular interest. In this paper, for simplicity, we focused on models with a minimal messenger sector. The generalization of our analysis to any weakly coupled messengers sector -in particular, to those realized in the dynamical embedding of [3] -is straightforward, and can be done as in [13] .
The analysis of this work lays the grounds for further investigation of the various constraints which arise in "(de)constructing a natural and flavorful supersymmetric standard model," as in [5] . Addressing the texture of the Yukawa couplings and the masses of the higgsinos and Higgs particles -hopefully in an appropriate way to ameliorate the flavor puzzle and the µ/Bµ problem -can be done by separating the three generations and Higgs superfields on different nodes of the quiver. Consequently, the smallness of parameters in the Yukawa matrices and the Higgs mass terms is natural, since they arise from higher dimension operators in the effective action (being suppressed e.g. by the SQCD scale of the high-energy embedding theory discussed above). Moreover, inverted sparticle hierarchies -which are less constrained by current LHC limits -are obtained when the first two generations and the messengers are charged under the same nodes. The detailed investigation of this interesting application is left for future work.
Finally, in this note we have limited our analysis to quiver models with fields in the bifundamental plus anti-bifundamental representation in each of the links. A phenomenologically appealing extension of our investigation is to consider more generic representations for the link fields; see e.g. the recent work [29] .
where M and x are defined in eqs. (4.1) and (4.3), respectively. The current correlators in eq. (2.5), in this case, are given by [14] 
where m 0 = M is the mass of the fermionic messengers and m 2 ± = M 2 ± F are the bosonic masses. We define the following symbol [30] 
(A. 
where we have defined the function
It turns out that the integral in eq. (A.7) is infrared divergent in the limit m a → 0; in this limit we need then to introduce an infrared regulator mass m ε [32] (which will drop out of the final result)
The functions above for a = b are defined as [32] 
Note that h(0, b) = 1 + Li 2 (1 − b). Now we will introduce a formalism such that the integrals can be carried out straightforwardly for any form factor f (p 2 ). Let us rewrite eq. (A.1) as follows (suppressing here for notational simplicity the indices i, t for the nodes),
where the sum over ± is understood as the sum over the masses m + and m − . It is easily seen that the terms can be split into two classes. The first comprises the first four terms by having only one massless propagator 1/p 2 , and we will denote this class the α terms, while the second class has two massless propagators 1/p 4 , and correspondingly we will denote this class the β terms. Using the fact that all the form factor functions f (p 2 ) can be expanded in partial fractions for the α terms as
where the sum is over all the mass poles not counting multiplicity, while for the β terms the corresponding partial fractions read
(A.14)
we can proceed as follows. First, we define the basic functions
We have not presented the function r(x) in β −1 and β 1 in eq. (A.15), since it must drop out of the final result because of infrared cancellations. Hence, one should check that (see eq.
(A.24) below) 16) and since r(x) is not a function of y ℓ it will indeed drop out. Carrying out the integrals yields where as already mentioned, the sum is over all the mass poles in f (p 2 ) not counting multiplicity.
A.1 Example: MGM
As a simple example, we can calculate the suppression function for minimal gauge mediation as follows: f (p 2 ) = 1 implies that the only non-zero coefficients of the partial fractions are a 0 = b 0 = 1 and hence the result is [33, 32] E(x) = 1 x 2 (α 0 (x) + β 0 (x)) . (A. 25) This function approaches 1 for small x, as will be discussed in the next sub-appendix.
A.2 Limits
Let us first consider the limit x → 0, which corresponds to the messenger scale being much larger than the SUSY-breaking scale: M ≫ √ F . It is also motivated by the fact that the soft masses do not vary much for x 0.7, and hence it is a good approximation for a large range. Since all the functions are even in x and they are all multiplied by 1/x 2 , the only term we need to calculate is that of order x 2 in the Taylor expansion. For the α class functions we get Hence, if a 0 = b 0 = 1 the result reduces to that of MGM. This is indeed the case for all the masses calculated in this note (independent of which node the field is charged under).
A final limit, which is a bit harder to calculate, is the limit of y → 0. This limit serves only as a consistency check and hence we will not give all the details. The result after the dust has settled is where we have definedb 1,ℓ ≡ lim y ℓ →0 M 2 y 2 ℓ b 1,ℓ . This result is after all expected and one can check that the formula gives zero for all nodes which are not connected to the messengers while it gives the MGM result (A.25) multiplied by g 4 i /g 4 eff with i being the node under consideration. 
